ABSTRACT. This study aimed to improve the staining of frozen-thawed Japanese Black bull sperm acrosomes with fluorescein isothiocyanate-conjugated peanut agglutinin (FITC-PNA). Spermatozoa were washed, fixed with 1-3% paraformaldehyde (PFA) in suspension for 10, 20, and 30 min, permeabilized with 0-2% Triton X-100 for 5 min, stained with FITC-PNA, and mounted with different antifade agents (0.22 M 1,4-diazabicyclo [2,2,2] octane (DABCO), SlowFade ® , and ProLong ® ) in suspension (In-suspension) or on a smear (On-smear). The spermatozoa were categorized into seven pattern types either immediately or after storage for 24 hr. Experiment 1 showed that 1) the In-suspension method was better than the On-smear method; 2) if spermatozoa were stained using the In-suspension method and examined immediately, the best antifade agent was SlowFade ® ; 3) if samples were to be stored after staining using the On-smear method, DABCO should be avoided; 4) if spermatozoa were stained using the In-suspension method, storage of the stained samples was not recommended; and 5) if samples were to be stored after staining using the In-suspension method, ProLong ® might be the best antifade agent.
to Harayama et al. [5] .
In our previous report on staining with FITC-PNA, spermatozoa were fixed with 4% paraformaldehyde (PFA) for 30 min, permeabilized with 1% Triton X-100 for 5 min, stained with FITC-PNA, and mounted in 1,4-diazabicyclo [2,2,2] octane (DABCO) for analysis according to our own criteria for categorization [1] . When frozen-thawed Japanese Black bull spermatozoa were stained with FITC-PSA, the labeling was not confined to the acrosomal region and there was non-specific labeling of the head and flagellum, whereas FITC-PNA labeling was specific to the acrosomal region [1] . Therefore, FITC-PNA is more suitable for assessing acrosomal status in bull spermatozoa. Moreover, the fluorescent dye FITC is useful as a conjugate to PNA to label sperm acrosomes, but the fluorescence generally fades gradually while the stained samples are being stored or examined under a microscope. Thus, applying an antifade agent is necessary to retard the fading to enable the accurate assessment of acrosomal status.
Since PNA binds to molecules present inside the sperm plasma membrane, it is necessary to permeabilize spermatozoa before they are stained with PNA to reveal the integrity of the acrosome. For frozen-thawed bull spermatozoa, treatment with 1% Triton X-100 for 5 min has been used to permeabilize acrosomes for staining with FITC-PNA [1, 5] . However, because Triton X-100 is also used to extract proteins from cells [3, 6, 17] , reducing its concentration might minimize the acrosomal damage caused by excessive treatment.
The aim of this study was to use the categorization criteria developed by Harayama et al. [5] , instead of our previous criteria [1] , to re-evaluate the protocols for staining frozen-thawed Japanese Black bull spermatozoa with FITC-PNA under gentler conditions to minimize artifactual damage. Therefore, we evaluated the effects of (1) antifades, the sperm environment during staining (on smear or in suspension), and the storage of stained spermatozoa mounted in antifade medium for 24 hr; (2) different concentrations of Triton X-100 (0, 0.1, 0.5, 1, and 2%) used to permeabilize spermatozoa; and (3) different durations of fixation (10, 20 , and 30 min) using different concentrations of PFA (1, 2, and 3%) on the staining patterns of the acrosome.
MATERIALS AND METHODS

Reagents and media
All chemicals used in this study were purchased from SigmaAldrich (Sigma-Aldrich, Steinheim, Germany), unless otherwise stated. Saline medium and sucrose medium were used for washing spermatozoa [18, 19] .
A solution of 12.5% (w/v) PFA in 0.5 M Tris, adjusted to pH 7.4 at 20°C, was prepared according to Almadaly et al. [1] and kept frozen at −30°C until use. A FITC-PNA stock solution (444 µg/ml of H 2 O) was prepared and diluted with phosphate buffered saline (PBS (1,060 µl)) to 20 µg/ml according to Almadaly et al. [1] .
Spermatozoa
Frozen straws of Japanese Black bull semen were generously donated by the Hida Beef Cattle Research Department, Gifu Prefectural Livestock Research Institute, Japan. Cryopreserved spermatozoa from six Japanese Black bulls were used in this study. The use of cryopreserved semen was approved by the Animal Ethics Committee of the Gifu Prefectural Livestock Research Institute, Japan.
Washing and fixing spermatozoa
Spermatozoa were washed as described previously [1] but with a slight modification. Briefly, frozen-thawed spermatozoa were resuspended in saline medium by centrifugation and washed in 4 ml instead of 7.5 ml sucrose medium.
Washed spermatozoa were diluted with PBS to adjust the final sperm concentration to 100 × 10 6 spermatozoa/ml after fixation. Spermatozoa (230, 210, and 190 µl) were fixed in vials for 10, 20, and 30 min at 20-25°C by adding 20, 40, or 60 µl of 12.5% PFA/0.5 M Tris buffer according to the experimental design to produce final concentrations of 1, 2, or 3%, respectively.
Permeabilization and staining of spermatozoa with FITC-PNA
The On-smear method: The fixed spermatozoa were smeared, permeabilized, and stained as previously described for the smear method by Almadaly et al. [1] . The stained spermatozoa were then covered with 16 µl of 0.22 M DABCO (Sigma-Aldrich) dissolved in a glycerol-PBS mixture (9:1), SlowFade ® Diamond Antifade Mountant (Thermo Fisher, West Sacramento, CA, U.S.A.; SlowFade ® ), or ProLong ® Diamond Antifade Mountant (Thermo Fisher; Prolong ® ) and a cover slip (24 × 50 mm). This procedure was designated the 'On-smear method'. The storage of stained samples for 24 hr was at 20-25°C in a dark box.
The In-suspension method: Fixed spermatozoa (250 µl, 100 × 10 6 spermatozoa/ml) were centrifuged at 1,000 × g for 1 min at 20-25°C, and the supernatant was removed. Two hundred microliters of 1% bovine serum albumin (BSA)/glycerol-PBS was added and the spermatozoa were centrifuged again. This rinse was performed twice. The pelleted spermatozoa were permeabilized by adding 200 µl of 0-1% Triton X-100 according to the experimental design for 5 min at 20-25°C and centrifuged at 1,000 × g for 1 min. The supernatant was discarded, 200 µl of 1% BSA/Gly-PBS was added, and the spermatozoa were centrifuged at 1,000 × g for 1 min. This wash was performed twice [21] . The sperm pellets were mixed in a vial with 200 µl of FITC-PNA (20 µg/ml) at 20-25°C for 30 min. Spermatozoa were washed as in the previous step, and the sperm pellets were resuspended in 250 µl PBS. A sample of this (8 µl) was mixed with an equal volume of DABCO, SlowFade ® , or ProLong ® . Two microliters of the mixture was spotted onto a glass slide, covered with a cover slip (18 × 18 mm), and gently pressed between sheets of tissue paper to remove excess liquid. This procedure was designated the 'In-suspension method'. The storage of stained samples for 24 hr was at 20-25°C in a dark box. 
Examination of sperm acrosomes
Stained spermatozoa were examined under a phase contrast microscope at a magnification of 1,000 × using fluorescence illumination (mirror unit U-MWB2: dichroic mirror DM500, excitation filter BP460-490, and emission filter BA520IF; Olympus, Tokyo, Japan). The staining patterns of the spermatozoa were first examined using fluorescence optics, then the localization was confirmed using phase contrast optics. Two hundred spermatozoa were examined on each slide, and the staining patterns of the acrosomes were classified into seven categories as described by Harayama et al. [5] : pattern I: normal acrosome; pattern II: slightly disordered acrosome; pattern III: severely disordered acrosome with very bright fluorescence; pattern IV: acrosome with less fluorescence over the entire structure than patterns I and II; pattern V: severely deformed acrosome; pattern VI: acrosome with fluorescence only along its outline; and pattern VII: acrosome with almost no fluorescence. The percentage of spermatozoa showing each pattern was calculated, and patterns I and II were pooled and considered to contain spermatozoa with intact acrosomes. A higher percentage of intact acrosomes (percentage of patterns I + II) and lower percentage of the other patterns (percentage of patterns III to VII) indicated better staining conditions (Fig. 1) .
Experimental design
Experiment 1: Effect of the staining method (On-smear and In-suspension), different antifades, and 24 hr storage on the acrosomal staining patterns (method × antifade × storage): Spermatozoa that were washed and fixed with 3% PFA for 30 min were divided into two portions and stained by the On-smear method or the In-suspension method, including permeabilization with 1% Triton X-100 for 5 min. Spermatozoa were mounted using the three different antifades, examined for the acrosomal integrity immediately (0 hr) and 24 hr later, and the percentage of spermatozoa showing each staining pattern was determined.
Experiment 2: Effect of different concentrations of Triton X-100 on the staining patterns of acrosomes using the In-suspension method (Triton X-100):
Spermatozoa that were washed and fixed with 3% PFA for 30 min were stained using the In-suspension method, including permeabilization with different concentrations of Triton X-100 (0, 0.1, 0.5, 1, and 2%) in 2 ml vials for 5 min at 20-25°C. Stained spermatozoa were mixed with ProLong® and examined for acrosomal integrity immediately, and the percentage of spermatozoa showing each staining pattern was determined.
Experiment 3: Effect of shortened durations of fixation (10, 20 , and 30 min) with different concentrations of PFA on the staining patterns of acrosomes using the In-suspension method (shortened fixation): Spermatozoa that were washed and fixed with 1, 2, and 3% PFA for 10, 20, and 30 min were permeabilized with 1% Triton X-100 for 5 min at 20-25°C and were stained using the In-suspension method. Stained spermatozoa were mounted with ProLong ® and were examined for acrosomal integrity immediately (0 hr of storage), and the percentage of spermatozoa showing each staining pattern was determined. 
Statistical analyses
Results are presented as the mean ± SEM. The data obtained in experiments 1 and 3 were subjected to repeated measures using a two-way ANOVA. When the main effect was significant, the averages of one factor across the other were further compared using a Tukey's multiple comparison test. When a significant interaction was found, the different treatments were compared using a Bonferroni's multiple comparison test. A one-way ANOVA was used to analyze the results of experiments 2 and 3, and when the result of the one-way ANOVA was significant, a Tukey's multiple comparison test was performed to compare the different treatments. Differences with P<0.05 were considered to be statistically significant. All analyses were performed using a statistical software program (GraphPad Prism Version 6.0; GraphPad Software, San Diego, CA, U.S.A.).
RESULTS
Experiment 1: method × antifade × storage
Due to their complexity, the results of experiment 1 were divided into subsets (Tables 1-3 ) and analyzed using 2-factor ANOVAs. Therefore, certain parts of Tables 1-3 
Effects of the staining condition and antifade agent (Table 1)-method × antifade
A two-factor ANOVA of the staining method × antifade agent revealed there was no significant interaction between the two on any of the staining patterns, however, the antifade agent had a significant effect on the percentage of pattern III, and the staining condition affected the percentage of pattern V. The average percentage of intact acrosomes across the antifade agents was higher for the In-suspension method (41.8 ± 0.5%) than the On-smear method (36.5 ± 0.6%), although the difference was not statistically significant (P=0.33). The average percentage of pattern III in the SlowFade ® condition was significantly lower than both DABCO and Prolong ® (P<0.05 for both, Tukey's test), and the average percentage of spermatozoa belonging to pattern V across the antifade agents for the In-suspension method (10.8 ± 0.8%) was significantly lower than the On-smear method (13.1 ± 0.6%).
Effects of the antifade agent and sample storage for 24 hr using the On-smear method (Table 2 )-antifade × storage (On-smear) Table 2 A two-factor ANOVA evaluating the antifade agent × storage for 24 hr using the On-smear method revealed there was a significant interaction between these two factors (P<0.05) on the percentage of intact acrosomes and on the percentage of pattern IV, with a significant decrease in the percentage of intact acrosomes with DABCO after storage for 24 hr compared to that at 0 hr of storage (P<0.05, Bonferroni's test). The percentage of intact acrosomes after storage for 24 hr was significantly lower for DABCO than for SlowFade ® and Prolong ® (P<0.05 for each, Bonferroni's test). The same tendency was seen for the percentage of pattern IV, with a significant increase observed with DABCO after storage (P<0.05, Bonferroni's test). The percentage of pattern IV after storage for Table 3 A two-factor ANOVA evaluating antifade agent × storage for 24 hr using the In-suspension method revealed there was no 11.4 ± 0.5 Mean ± SEM 11.7 ± 0.6 11.7 ± 0.4 9.9 ± 0.6 VI 0 hr 7.9 ± 1. significant interaction, however, there was a significant main effect of storage on the percentage of intact acrosomes and of the antifade used on the percentage of pattern IV. The average percentage of intact acrosomes across the antifades significantly decreased after 24 hr (37.8 ± 1.6%) compared to at 0 hr of storage (42.3 ± 0.6%) using the In-suspension method, whereas the average percentage of pattern IV across the storage times was the highest for SlowFade ® (5.6 ± 1.8%), intermediate for DABCO (3.2 ± 1.1%), and the lowest for Prolong ® (2.4 ± 0.7%; P<0.05 for each, Tukey's test). Notably, when using Prolong ® , the background was clearer during the assessment of the acrosome condition (data not shown).
Experiment 2 (Fig. 2) -Triton X-100 Fig. 2) When fixed spermatozoa were stained with FITC-PNA without permeabilization (0% Triton X-100 for 5 min), the percentage of intact acrosomes was almost 0% and significantly lower than for 0.1-2% Triton X-100. The percentage of pattern III was significantly higher with 0.1-2% than at 0% (P<0.05), and the percentage of pattern VII was significantly lower with 0.1-2% than at 0% Triton X-100 (P<0.05). There was no significant difference in the percentage of intact acrosomes, pattern III, or pattern VII with 0.1-2% Triton X-100. Although the difference was not significant, the percentage of intact acrosomes was the lowest (33.4 ± 5.5%) with 2% Triton X-100 and the highest (43.7 ± 6.5%) with 0.1% Triton X-100 (Fig. 2) .
Experiment 3 (Fig. 3) -shortened fixation Fig. 3 A two-way ANOVA evaluating PFA concentration (1, 2, and 3%) × duration (10, 20 , and 30 min) of fixation revealed that there was no significant interaction between these two factors on any of the patterns, but there was a significant main effect of the concentration of PFA on the percentage of intact acrosomes and on the percentage of pattern V (P<0.05). With a 10 min duration of fixation, 3% PFA had a significantly higher percentage of intact acrosomes and lower percentage of pattern V than 1% PFA, and 2% PFA produced intermediate results (P<0.05). With 20 min of fixation, 1% PFA had a significantly lower percentage of intact acrosomes and a significantly higher percentage of pattern V than 2 and 3% PFA (P<0.05). With 30 min of fixation, 1% PFA had a higher percentage of pattern V (P<0.05) than the other concentrations, whereas the percentage of intact acrosomes showed no significant difference among the three concentrations. The percentages of intact acrosomes are shown in Fig. 3 , and although it was not statistically significant, the highest percentage of intact acrosomes (50.1%) was observed with 2% PFA fixation for 30 min.
DISCUSSION
The present study evaluated the validity of staining frozen-thawed bull spermatozoa with FITC-PNA in suspension or in a smeared state using the categorization of the acrosomal staining patterns according to Harayama et al. [5] , instead of the categorization used in our previous method [1] . Furthermore, we evaluated the possibility of staining acrosomes under gentler conditions to minimize artifactual damage.
The results of experiment 1 (Table 1) showed that the average percentage of intact acrosomes across the antifade agents was not significantly different between the In-suspension method and the On-smear method, but that the percentage of pattern V was significantly lower using the In-suspension method than the On-smear method. These results suggest that if stained samples are examined immediately without storage, as is the usual process, the In-suspension method can stain spermatozoa under gentler conditions, indicating that this method may be better to determine the acrosomal status of the spermatozoa. This finding was contradictory to the results of a previous study which found that on-smear staining was better than staining in a suspension [1] . The reason for this discrepancy might be due to differences in the categorization criteria; in the previous report, slightly damaged acrosomes were categorized as 'E1', which was recognized as damaged, whereas in this study, slightly damaged acrosomes were categorized as pattern II, which is recognized as intact according to Harayama et al. [5] . Earlier studies suggested that when mouse spermatozoa were spotted onto a slide then dried, fixed, and stained with FITC-PNA, the acrosomes were better stained than those that were smeared and dried [10] . Similarly, examination by differential interference phase contrast microscopy of a fixed, wet-mounted sample of bull spermatozoa revealed more major abnormalities than a drymounted sample [2] . When frozen-thawed bull spermatozoa were smeared without fixation and later stained with Naphthol Yellow S and Erythrosin B, the percentage of spermatozoa showing intact acrosomes was slightly lower than when live, wet spermatozoa or spermatozoa fixed with glutaraldehyde were examined by differential interference contrast microscopy, but this difference was not statistically significant [20] . Similar to these studies, the results of the present study showed that staining spermatozoa in suspension was better than staining a smeared preparation.
In addition, the observation that the percentage of pattern III (severely disordered acrosomes with very bright fluorescence) for SlowFade ® was significantly lower than the other two agents at 0 hr of sample storage (Table 1) suggested that if the stained samples are examined immediately without storage, SlowFade ® may be the best of the three antifade agents examined. The increase in the percentage of pattern IV after the storage of stained samples either on the smear (Table 2 ) or in sperm suspension (Table 3) indicated that storage of the stained samples with an antifade agent, regardless of the staining method used, may simply attenuate fluorescence without any damage to sperm acrosomes, and thus storage of stained samples is not recommended.
A significant interaction between the antifade agent and the storage of samples for 24 hr on the percentage of intact acrosomes and the percentage of pattern IV using the On-smear method (Table 2) suggests that depending on the antifade agent used, the storage of stained samples on slides with an antifade may in fact attenuate fluorescence more severely. A significantly lower percentage of intact acrosomes and higher percentage of pattern IV was observed with DABCO than with the other two agents ( Table 2 ), suggesting that DABCO should be avoided if the stained sample are to be stored on slides with an antifade agent for up to 24 hr.
The results of the In-suspension method (Table 3) suggest that when spermatozoa are stained using the In-suspension method, storage of the stained samples in suspension with an antifade agent is not recommended, as this resulted in a decrease in the percentage of intact acrosomes. Nevertheless, the lower percentage of pattern IV with the use of Prolong ® suggests that this antifade agent is the best to use if the stained sample is to be stored in suspension with an antifade agent for up to 24 hr. SlowFade ® is designed to help maintain the fluorescence of a histological section or a cell preparation stained with a fluorescent probe for immediate examination or for examination after storage for a relatively short period of time (2-3 weeks, according to the manufacturer's instructions). It has been shown that SlowFade ® has a quenching effect on the initial fluorescence but also slows down the rate of fading [9] . For the longer storage of fluorescent samples, Prolong ® is suitable to keep fluorescent preparations for up to several months (according to the manufacturer's instructions), but this antifade is designed to seal a histological section on the slide since this agent solidifies after being applied to the preparation (according to the manufacturer's instructions). In agreement with the manufacturer's instructions, SlowFade ® was the best when stained spermatozoa were examined immediately after staining (Table 1) , whereas Prolong ® was the best when the samples stained using the In-suspension method were kept for 24 hr ( Table 3) .
The results of experiment 2 ( Fig. 2) indicate that a concentration of at least 0.1% Triton X-100 might damage spermatozoa to some extent. A significantly higher percentage of pattern VII (acrosomes with almost no fluorescence) was observed with 0% Triton X-100 than the other concentrations, indicating that without permeabilization, FITC-PNA does not enter the acrosome and cannot bind to the molecules present inside, but that it can enter and stain damaged acrosomes. This result is similar to reports that stained un-permeabilized spermatozoa with FITC-PNA and identified damaged acrosomes by the fluorescence-positive spermatozoa [4, 16] . Conversely, the presence of all patterns when using between 0.1 and 2% Triton X-100 suggests that the concentration of Triton X-100 may be suitable within that range for spermatozoa permeabilization. Treatment with 1% Triton X-100 for 5 min has been used to permeabilize frozen-thawed bull spermatozoa [1, 5] and treatment with 1% for 10 min has also been successfully employed in human spermatozoa [11] . The present study clearly shows that the Triton X-100 concentration can be reduced to 0.1%, which minimizes the damage to bull spermatozoa.
Since the effect of fixation duration was not significant in experiment 3 ( Fig. 3) , we decided to compare the effects of PFA concentration within the same duration of fixation (10, 20, or 30 min). The results showed that with 10 min of fixation, 3% PFA was the best, 2% PFA was intermediate, and 1% was worse than the other treatments according to the percentage of intact acrosomes and pattern V (Fig. 3) . This suggests that the fixation time can be shortened from 30 min to 10 min if 3% PFA is used. With 20 min of fixation, 2 and 3% PFA resulted in similar percentages of intact acrosomes and pattern IV, which were both significantly different from 1%, suggesting that the fixation time can be shortened to 20 min if 2 or 3% PFA is used. Since there was no significant difference in the percentage of intact acrosomes among 1, 2, and 3% PFA treatments for 30 min, but a significant increase in the percentage of pattern V at 1% PFA, this suggests that if spermatozoa are fixed for 30 min, the PFA concentration can be reduced from 3 to 2%. Altogether, the improved fixation conditions were 10 min with 3% PFA, 20 min with 2 or 3% PFA, or 30 min with 2% PFA. Since the highest percentage of intact acrosomes was achieved with 30 min of 2% PFA treatment (Fig. 3) , this condition is proposed as the best one.
According to the results of this study, the following new protocol is proposed: spermatozoa should be fixed with 2% PFA for 30 min, permeabilized with 0.1% Triton for 5 min, stained with FITC-PNA, mounted with the antifade agent SlowFade ® , and immediately evaluated using the categorization described by Harayama et al. [5] . In all steps, spermatozoa should be handled in suspension. Since it has been shown that the FITC-PNA staining patterns of the frozen-thawed bull spermatozoa used in this study are related to bull fertility [5] , it is expected that the modified staining protocol described here will be a useful tool to routinely examine bull spermatozoa to estimate a bull's fertility.
